[Abstract] Release and recycling of synaptic vesicles are essential for neurotransmission and synaptic plasticity. To gain mechanistic understanding of these processes, direct measurements of vesicle release and retrieval is indispensable. Styryl dyes like FM1-43 and FM4-64 have been widely used for this purpose and their loading and unloading are reliable measurements for synaptic vesicle release and retrieval in cultured neurons. This protocol describes in detail the procedure of using styryl dyes to label and measure synaptic vesicle uptake and release in cultured rat hippocampal neurons. We also include a brief description of hippocampal culture. In the end, we briefly discuss the commonality and difference among FM dye, pH-sensitive fluorescent proteins and quantum dots in terms of measuring synaptic vesicle behavior. , invented more than twenty years ago, remains a reliable and convenient tool. Due to its moderate affinity to lipid membrane and its lipid-sensitive emission, it can be readily loaded into recycled synaptic vesicles and released when those vesicles are exocytosed. Using more sensitive photodetectors like EMCCD, FM dyes can report single vesicle release events. Here, we provide a relatively complete description of FM-based imaging of synaptic vesicle release in primary cultures of rodent hippocampal neurons. In addition, we also discuss the commonality and the distinction between FM dyes and other fluorescent vesicle labels. 
www.bio-protocol.org/e2690 Primary cultures of dissociated postnatal rat hippocampal cells are prepared as previously described (Liu and Tsien, 1995) . Briefly, rat hippocampi (CA1-CA3) are normally dissected from P0
to P1 Sprague-Dawley rats and dissociated into a single-cell suspension with a 10-min incubation in trypsin-EDTA (trypsin: 0.025%/EDTA: 0.01%, Thermo Fisher Scientific) followed by gentle trituration using three glass pipettes of decreasing diameters (~1 mm, 0.5 mm, and 0.2 mm), sequentially ( Figure 1 ). Pipettes were obtained by fire-polishing the tips on a Bunsen burner. Soft borosilicate glass melts and shrinks easily if exposed to fire. For the best results, pipette tips are positioned vertically to the flame and are being twisted clockwise and counterclockwise for even heating and melting. Longer flaming makes the smaller diameter tips. It is also important to make sure that the smallest tips are not fully sealed, which sometimes happens. Ideally, the smallest diameter pipette lets cell suspension through slowly and ensures single cell dissociation. 3. Solution exchange is achieved via gravity perfusion controlled by a VC-6 valve control system and a 6-channel manifold (Warner Instruments) with a constant rate of ~50 μl/sec which allows a complete exchange of the bath solution in the recording chamber within 30 sec.
4. All experiments are performed at room temperature, but physiological temperature can also easily be achieved by using an inline heater (e.g., 64-0104, Warner Instruments) and a heated The rate of evoked FM1-43 loss from presynaptic terminals is measured.
9. The neuronal culture is exposed to electrical field stimulation at 10 Hz with 1 msec 70 V pulses generated by Grass SD9 stimulus isolator for 2 min or high-potassium (90 K) 1 min perfusions.
Stimulation control is interfaced through Clampex software (Molecular Devices). An example of
Clampex protocol that controls timing of electric field stimulation and switch between perfusion channels is shown in Figure 3 . 12. On the ROI manager, go to More → Save ROIs and save in the root folder, not in the stack. To determine the minimum number of ROIs for FM1-43 destaining, a power analysis is performed using G*Power (Faul et al., 2007 ). An effect size of 25% is estimated with the error probability set to 0.05, power to 0.95 and an expected standard deviation of 40% is chosen based on FM destaining experiments performed in the lab. A sample size of 53 is needed to achieve significance with a two-tailed Student's t-test. All image processing is performed in ImageJ. All experiments are performed in two to three different batches of cell cultures. All values presented are mean ± SEM.
For calculating statistical significance, the Student's t-test is used for 2-group comparison, and one-way analysis of variance (ANOVA) followed by the Tukey-Kramer method as post-hoc analysis is used for comparing three or more groups.
Notes

A. Reproducibility and variability
In our tests, we observed a moderate variability in FM loading and unloading in untreated control.
This variation mostly originates from the variations of cell culture such as days in vitro and cell density. Therefore, reducing such variables can significantly improve experimental consistency. In addition, we notice that unhealthy neurons often have excessive FM staining, which we have used as a criterion to exclude damaged synapses.
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